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Preliminary results from FNAL EBBS 
Muon Scattering at Low ~~~ 

H. Schellman - representing the E665 Collaboration 

ABSTRACT 

We present uuas~~~ents of in&s&. muon scattering cxoss section ratios at very low z~i. The Xc/Da cross 
section ratio has been measured for tgj down to 2 x lo- ‘. We have dsc measured the n/p cross section 
ratio down to ZB~ = IO-’ and see PO sign&ant deviation from ucity. 

Fermilab experiment EBBS [l] is an open ge- 
ometery muon spectrometer with acceptance for 
forward tracks down to sero scattering angle. In 
addition to high precision charged particle ac- 
ceptance over (L large angular range, EBBS has 
sn electromagnetic calorimeter cowisting of al- 
ternating lead plates and proportional chambers. 
A special Small Angle Trigger (SAT), which US- 
information on the trajectory of each beam par- 
ticle to determine an appropriate veto &x~ and 
reject events with no scatter, allows trigger M- 
ceptancc at angles down to less than 1 ml. For a 
typical 480 GeV muon from the FNAL Tevatron 
mnon beam, this angular acceptance implies .s 
lower limit on z,j, = Q=/2Mu of order lo-‘. 
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We wish to study inelastic muon scattering 
cross sections at low an,, with emphasis on nu- 
clear A dependence and the difference between R 
and p. However, at very low qj(< 1O-s) other 
processes, such as coherent bremsatrahlung from 
the nucleus and muon-electron clsstic scattering, 
begin to dominate the inclusive muon scatter- 
ing rate. These proeesaea can be distinguished 
from true inelastic scatters by their final state 
event topology. An inelastic scatter will typi- 
cally have several charged tracka and some elcc- 
tromagnetic energy in the Anal state in addi- 
tion to the scattered muon. In contrast, coher- 
ent bremsstrahlung will appear in the spectrom- 
eter as a scattered muon and an isolated photon- 
induced shower in the calorimeter. An elastic 
muon-electron scatter will appelu as e. scattered 
muon accompanied by (L single negative track 
and an isolated electron-induced shower in the 

Figure 1: a~, distribntions after kinematic cuts 
for Deute&xn and Xenon. 

ergy isolated electromagnetic showers, we can 
eliminate much of the background while retain- 
ing moat of the true inelastic scatters. 

Nnclear Shadowing 
There is considerable interest in the A depen- 

dence of inclaatic scattering in the very low ant 
region. Shadowing, a depletion of the cross sec- 
tion per nucleon in heavy nnclei as compared to 
Deutexium, 6c.a been observed in previous lep 
ton scattering experiments in the range 0.002 < 
ZB, < 0.10 [2],[3] and in red photon scattering 
[4]. We have extended these measurements to 
ZB, a 2 x lo-‘. For a more detailed dacription 
of the andysin, see reference [S]. 

Data were taken with two targets, a 115 cm 
calorimeter. By eliminating events with low charg- 1 
ed particle multiplicities or those with bigh ea- 

ong liquid Deutedum target and a 113 cm long 
vessel filled with Xenon gas at 15 atmospheres. 
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Although the density of the Xenon target was 
one half that of the Deuterium target, the rela- 
tive radiation lengths were 1.13 for Xenon and 
0.15 for Deuterium. Figure 1 shows the ZB~ 
distributions for the two targets after kinematic 
cuts. In the Deuterium sample, the muon elec- 
tron elastic peak at zsj = m,/rg is dearly vis- 
ible. In the Xenon sample, it is largely obscured 
by bremsstrahlung events. 

AU events were required to satisfy the follow- 
ing criteria: 0.01 < Q’ < 60 (GeV/c)‘, Y > 
40 GeV, I& - CT) 2 0.2, EBB*,,, > 400 GeV and 
v = ~I&., < 0.75, where the restrictions on 
Q’, Y and 4 ensure good resolution in the scat- 
tering parameters and the limit on y removes the 
region where the bremsstrahlung contamination 
is largest. After these common kinematic cuts, 
two independent analyses were performed, one 
based on information from the electromagnetic 
calorimeter and the other on charged particle 
multiplicities. 

In the electromagnetic analysis, bremsatrah- 
lung events were removed by requiring that ei- 
ther the energy observed in the electromagnetic 
calorimeter be less than 0.45~ or that there be 
no photon candidate coplanar with the incoming 
and scattered muon momentnm vectors. Elas- 
tic muon-electron scatters were rejected by an 
energy dependent proximity cut on the distance 
from a candidate electron charged track to an 
electromsgnetic cluster. 

In the multiplicity analysis, at least two posi- 
tive or two negative tracks were required in ad- 
dition to the scattered muon. This eliminates 
most muon electron scatters and bremsstraldnng 
events, including those with LL photon convex- 
rion in the target. At low center of mass energy 
(low Y, high zsj) this requirement also removes 
a signifxant fraction of the inelastic cross MC- 
tion. Figure 2 compares the BB, distributions 
for the two analyses. The Xc/Da ration from the 
two methods are consistent even in the high ZB, 
region. 

Figure 3 shows the ratio of the cross sections 
for Xenon and Deutexium from the electromag- 
netic analysis compared with results from previ- 
ous experiments [3]. The shadowing effect levels 
out at zs, of order lo-’ and is consistent with 
the reel photon value aa ss, goes to KIO. 
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I” 

Figure 2: Comparison of two analysis methods; 
the histogram represents the data with kinematic 
cuts done. 

. E66.5 xc/cl, co1 < 0’ < 60. c&q 
0 NA28 Co/D, (.3 < 0’ < 3.2 Gev’) 

Figure 3: Comparison of Xc/D, cross section ra- 
tios from the electromagnetic analysis with re- 
suits from previous experiments. The dark band 
represents the systematic error 
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Figure 4: Comparison of n/p ratios for SAT and 
LAT trigger samples. 

Neutron-Proton comparisons 
We have also done a more conventional analy- 

sir, using kinematic cuts only, of the ratio of neu- 
tron and proton structure functions. Data from 
previous experiments at zg, above 0.004 have 
been used to evaluate the G&fried [S] sum: 

The parton model prediction for this sum is 
l/3. The most accurate measurement, by the 
NMC collaboration at CERN [7], is S = 0.240 f 
0.016. This includes (UL extrapolation from zaj of 
0.004 to 0.0. The deviation of the mesanred sun 
from the parton model prediction might be ex- 
plained by ct depletion in the n/p ratio for zgj be- 
low 0.004. We have used oux SmzJl Angle Trigger 
(SAT) to extend the measurement of the ratio of 
neutron and proton cmw Ketions to 2~~ = lo-’ 
[a]. In Figure 4, E66b data taken using the SAT 
with 9’ > 0.1 (GeV/c)’ are compared with data 
taken using the more conventional Lluge Angle 
miggu (LAT) aith 9% z 4 (G~V/C)~. The er- 
ran shown are statistical only, the eatimsted sya- 
temstic error in 6%. Within the statistics, these 
valnes me consistent with the NMC meeaurc 
ment in the low ant region. There is no evi- 
dence of (L large depletion in the ratio at very 
low z~j needed to bring the measured sum into 
agreement with the parton model prediction. 
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